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Abstract. Historical maps are a very i mportant part of the World's cultural 
heritage, offering an image of our past and giving the ability to see the 
changes taken place i n an area over ti me. For researchers, who are worki ng 
on the geographic analysis of the environment, the study and the digital 
comparison of historical and modern maps offer to them a variety of bene- 
fits, since it gives them the opportunity to use maps of different time pe- 
riods to show changes in the environment or in the administrative bounda- 
ries of an area or in the names of this area's toponyms. There are additional 
advantages when this comparison can be done online through auser friend- 
ly platform, where all the maps are correctly rectified and aligned to each 
other. I n this way, the user can combine them according to his needs and 
use them in his study. 

In this paper, the methodology for the correct rectification of historical and 
modern maps is analyzed and the different techniques and tools can be 
used i nside the GeoHi story platform for the digital comparison of maps are 
described giving much information about their operation. A next step of 
this research is the automatic regression of the raster historical maps to 
vector form, which can give the opportunity to detect and determine more 
easily differences in an area. 
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1. Introduction 

Historical maps compiled the previous centuries comprise an important 
part of the cartographic heritage, which offers a variety of benefits and ad- 
vantages to our modern cartographic science and technology, and to its fu- 



ture, enriching and strengthening the interest and concern not only of ex- 
perts dedicated to Cartography and M aps but also of the society and of the 
general public (Livieratos 2006). Studying historical maps can be very use- 
ful and challenging for researchers, not only for scientists dealing with its 
practice, but also for those from other scientific areas, such as environ- 
mentalists, geologists, geographers, architects. By using a series of maps 
depicting the same area in different centuries, the scientists can show how 
this area looked like in the past before the current development took place 
and can provide a detailed view of changes (physical or cultural) over time. 

The wide variety of applications, which historical maps can have in different 
scientific fields, requires a more accurate approach from the simple digiti- 
zation of historical maps. Most of the times, it is necessary for the historical 
maps to come in comparison with each other or with modern maps of the 
same area in order to show changes in the environment, or the different 
toponyms of the same place recorded years or even centuries ago, or to 
study their geometric and projective properties, which are of main interest 
in the quantitative domain of the history of maps. I n order to do that, the 
researcher is bound to georeference the maps and then to bring them into 
one to one correspondence, using in both cases best fitting techniques 
through proper transformations between sets of points, common in both 
maps. Due to the variety of maps, it is also important for the researcher to 
make the documentation of each map, separately and to study its geometric 
properties (Tsorlini et al. 2010, Kousoulakou et al. 2011). 

Recently, the development of new technologies and the internet providing 
web access to information and open data provide the opportunity to re- 
searchers to find historical maps correctly registered to a modern reference 
system since in that way, they can use and combine the maps without ha- 
ving to care about their correct rectification. A portal which can help to this 
direction is the GeoHistory portal, which is powered by GeoVITe, a project 
developed by the Institute of Cartography and Geoinformation-IKG in ETH 
Zurich in cooperation to ETH-Bibliothekto provide its employers, students 
and researchers from ETH access to professional vector and raster geospa- 
tial datasets from the Swiss Federal Office of Topography. Through the 
GeoHistory portal, a researcher can have online access to historical maps, 
he can select those referred to the region he needs in order to study and 
compare them online, he can use different tools to detect and highlight their 
differences and he can download them in the appropriate format and use 
them in their study (I osifescu etal. 201]). 



2. Historical Maps of Switzerland 

In this project, we have studied five of the most representative historical 
maps of the Swiss cartography from 17 th to 20 th cent., focusing on the ca- 
nton of Zurich. These maps were set in comparison with modern maps and 
between to each other as wel I , showi ng differences duri ng centuri es. 

The historical maps used in this case are: 

• the Hans Conrad Gyger Map of the Canton of Zurich (1660), 

• the J ohann Rudolph Meyer and Heinrich Weiss Atlas of Switzerland 
(1796-1802), 

• the J ohannes Wild Topographic Map of the Canton of Zurich (1852- 
1865), 

• the Topographic Map of Switzerland constructed by the Swiss Federal 
Office of Topography under General Guillaume-Henri Dufour (1845- 
1864) and 

• the Topographic Atlas of Switzerland by the Swiss Federal Office of 
Topography under Colonel Hermann Siegfried (1870-1926). 

Apart from these maps, modern maps coveri ng the area of the canton of 
Zurich were also used for the comparative study of the historical maps, as 
well as satellite images for the identification of the natural characteristics of 
the area. These maps, whi ch are al ready i ncl uded i n GeoVI Te portal , were: 

• the Swiss National Map in scales 125000 (1952-1979), 150000 (1938- 
1963) and 1100000 (1954-1965) and 

• the digital mosaic satellite images Landsat25 and Spot with high reso- 
lution 25 and 5 meters, respectively (2004-2005). 



2.1. Map of the Canton Zurich, Hans Conrad Gyger 

In 1664/1667, Hans Conrad Gyger (1599-1674), a Swiss cartographer and 
engi neer constructed a map for the area around the city of Zurich. The map 
was drawn and painted with tempera and it is the oldest known example of 
a shaded relief of Switzerland. Gyger spent 38 years to paint the map and 
submitted it to the government of Zurich, which kept it as a secret because 
of its hi gh mi I itary i mportance. 

The map is in scale ca. 132000 and it is oriented to the east. It consists of 6 
map sheets; the dimensions of each one are ca 110 x 75 cm, composing a 
map of 220 x 220 cm in size. For the depiction of the area's topography, 
Gyger used a naturalistic manner of illumination originated from south- 
west. The map sheet depicting the area around the city of Zurich is pre- 
sented in Figure 1 




Figure L Hans Conrad Gyger Map of the Canton of Zurich, the map sheet depicts 
the area around the city of Zurich (Source: I KG, ETHZ). 



2.2. Atlas of Switzerland, Johann Rudolph Meyer and Heinrich 
Weiss 

The Atlas of Switzerland, known as Atlas Suisse or Meyer-Weiss Atlas, is 
the oldest map series based on scientific survey and covering the area of 
Switzerland. The map was created after the decision of the industrialist J o- 
hann Rudolf Meyer (1739- 1813) from Aarau, who financed the first syste- 
matic survey of Switzerland and the map depicting this area. For that pur- 
pose, he engaged the Alsatian geometer J ohann Heinrich Weiss (1758- 
1926) to survey the area and the carpenter J oachim Eugen M uller to help 
them as a guide. The foundations for Meyer's map were baseline measure- 
ments by the mathematician J ohann George Tralles (1763-1822) and the 
I andscape rel i ef model i ng by M ul I er, after whi ch Wei ss drew the map ( Pear- 
son etal. 2008). 

The result of this work appeared between 1796 and 1802, and included 16 
sheets and an overview map (Figure 2). Each of the 16 sheets measure 70 
cm in width x 51cm in height and all of them depict Switzerland at a scale 



of approximately 1110000. The Atlas Suisse was the map series with the 
most accurate coverage of Switzerland for many years, until the appearance 
of Dufour Map (1845-1865) (Kloti 1997). 




Figure 2. Map Sheet No. 3 of Meyer- Weiss Atlas depicting the area around Zurich 
(Source: I KG, ETHZ). 



2.3. Topographic Map of Canton Zurich, Johannes Wild 

The topographic map of the Canton of Zurich in scale 125000 (Figure3) is 
a multicolor, lithograph map, constructed in 32 sheets from 1852 to 1865 by 
Johannes Wild (1814-1894), an engineer and cartographer, professor of 
Topography and Geodesy in ETH of Zurich. Since 1833, Wild worked on the 
construction of a map in scale 1100000, later coordinated by General Guil- 
laume-Henri Dufour and he participated in the Tri angulation, which used 
as the basis for Dufour M ap. 

The dimensions of each map sheet are 47 x 30cm, covering the area of 
11500 x 7500 meters respectively. The designer of the map was Heinrich 
Enderli (1828-1872) and the lithographers J osef Graf (1811-1871) and then, 
J ohann J akob Brack (1824-1867). This map was used later for the construc- 
tion of Hermann Siegfried's Topographic Atlas of Switzerland, the official 
map series published bytheFederal Topographic Bureau. 
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Figure 3. The tiling of Wild Map for the Canton of Zurich and the fours sheets 
covering the area around the city of Zurich (Source: IKG, ETHZ). 



2.4. Topographic Map of Switzerland, Guillaume-Henri Dufour 

The Topographic Map of Switzerland in scale 1100000, also known as the 
Dufour Map is the oldest official map series of Switzerland. It was pu- 
blished bytheFederal Topographic Bureau under General Guillaume-Henri 
Dufour from 1845 to 1864 based for the first time on accurate geometric 
measurements by the Cantons and the Swiss Confederation. The original 
images for the Dufour Map were created in scale 125000 for the Swiss 
Plateau and J ura mountains and 150,000 for Alps Mountains. Ho-wever, 
the Dufour Map was published in 1100,000 scale, enabling the territory of 
Switzerland to be divided into 25 sheets, each of which measured 70 x 48 
cm (Figure4). 

The geodetic basis used for this map series was the "Schmidt ellipsoid from 
1828" and its fundamental point was the old observatory in Bern. The map 
is drawn in an equal area, untrue conical projection, known astheBonne 
projection or as modified Flamsteed projection using the prime Meridian of 
Paris. 




2.5. Topographic Atlas of Switzerland, Hermann Siegfried 

The Topographic Atlas of Switzerland also known as the Siegfried Atlas or 
Siegfried Map is an official map series of Switzerland, published by the 
Federal Topographic Bureau under Colonel Hermann Siegfried from 1870 
to 1922. It was based on the original records created for the earlier Dufour 
M ap, however it offered greater precision than it. 

It is drawn using a scale of 125000 for the Swiss plateau, the French Pre- 
alps, thej ura Mountains and southern Ticino, and a scale of 150000 for 
other mountain regions and the Swiss Alps, keeping the format of 35 x 24 
cm for each sheet in both scales. The map projection's system is the one 
used in Dufour Map and its grid is traced every 1500 meters in the map 
sheets dated before 1913 and every 1000 meters i n those dated after 1917. 

Until 1949, there were occasional revised editions of Siegfried Map sheets 
whereas, until 1952 all of them were replaced by the new National Map of 
Switzerland. 
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Figure 5. The Tiling of Siegfried Map and the map sheet of Zurich (No. 161) 
(Source: I KG, ETHZ). 



3. Methodology for the correct rectification of the 
maps 

The different time each map is dated, the method used for the depiction of 
its characteristics and the way it was constructed in association with its 
internal characteristics, mainly the scale and the projection system are 
some of the elements which show that each map is unique and should be 
confronted accordingly, in order to give reliable results during its study. For 
this reason, the most important thing to be done first is the documentation 
of the maps. 

A specific procedure is followed in order to study the maps and to have 
them projected to the same reference system and thus, comparable to each 
other (Figure6). The main steps of this process are(l) the scanning of each 
historical map, (2) its georeferencing to its projection system -if it is possi- 
ble- in order to bring it to its physical dimensions and (3) the best fitting of 
the "georeferenced" map to the modern's map reference system taki ng local 
deformations into consideration (Boutoura & Livieratos 1986, 2006). 

The scanning of the maps is a common procedure, however it is important 
not to be out of notice, si nee there are many things which affect the result of 
the digitization such as the material or the condition of the map (Tsioukas 
etal.2006). 

I n order to bri ng each histori cal map to its physi cal di mensi ons, el i mi nati ng 
possible geometric deformations induced by scanning, it is important to 



georeference them in the projection system they are initially drawn. For 
the georeference of the historical maps, a grid i n the same reference system 
is used and the historical map is correctly registered to it and thus to its 
own coordinates. This procedure is implemented for three of the five histo- 
rical maps studied in this case, namely the map sheets belonging to Wild 
Map, to Dufour Map and to Siegfried Map but cannot be applied to all the 
historical maps, since there are maps, usually dated centuries ago, which 
were not drawn on a particular projection system or they were drawn on a 
system but it is not obvious which system is this and the bibliographical 
references cannot help in this direction. Meyer-Weiss Atlas and Gyger Map 
belong to this category. 

In Meyer- Weiss Atlas, the subdivisions of the grid are drawn in the frame of 
each map sheet, whereas the only grid lines drawn in the map sheets are 
those of integer degrees, which are very rare, even nonexistent in some 
sheets. I n this case, in order to get an idea about the projection system of 
the Atlas, we study the map sheet which depicts the whole Switzerland. On 
this map, the distances between the grid lines of longitude were measured 
showing that the projection seems to be conical and that its fundamental 
point should be in Bern but more research should be conducted in order to 
have more accurate results about this map's projection system. In this 
study, a conical projection having the prime meridian in Bern is used for 
the georeference of M eyer- Weiss Atlas map sheets. 

On the other hand, on Gyger map, things seem to be simpler, si nee there is 
no grid drawn on it or on the frame of the map. This map is regarded as an 
image and the georeference procedure makes no sense for it, so it is omit- 
ted. This map is just best fitted to the final map with which it is going to be 
compared at the end. 

Having the historical maps correctly registered to their coordinates, the 
next step of the procedure is to bring them in one to one correspondence 
with the modern maps so as to compare their content and to detect changes 
in the area during centuries. For this reason, the georeferenced historical 
maps were converted to the modern's map projection system which is the 
Swiss Grid described by the Swiss oblique conformal cylinder projection 
and the Bessel ellipsoid of 1841, fixed in position and orientation to the old 
fundamental point, which is the old observatory in Bern. I n that way all the 
maps are projected in the same reference system giving the opportunity to 
be compared to each other (Tsorlini et al. 2010). 
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Figure 6. The procedure followed for the correct registration of the scanned his- 
torical maps and their digital comparison with modern maps. 



4. The GeoHistory portal powered by GeoVITe and its 
functionalities 

The digital combination of historical and modern maps is a very important 
procedure for researchers and it can offer great benefits to them in the case 
it can be conducted online through a platform where all the maps are cor- 
rectly rectified and can be easi ly compared to each other. 



4.1. The GeoVITe and the GeoHistory portals 

A service helping in this direction is the GeoHistory portal powered by Ge- 
oVITe (losifescu et al. 2011), developed to provide online access to histori- 
cal maps correctly rectified and registered to the current Swiss reference 
system, through an interface easily accessible and understandable by re- 
searchers interested in the comparative analysis of historical maps. This 
service offers also the opportunity to researchers to compare the historical 
maps with modern maps through the portal and to find out differences in 
the environment over the time, contributing in this way to further scientific 
studies on the development of the landscape and the settlements of the 
specified area. 



The GeoHi story portal uses the basic functionalities developed for GeoVITe 
portal, but additionally it has some other tools useful for the digital com- 
parison of historical and modern maps. Some of these tools are described 
below. 




Figure 6. TheGeoH istory portal powered by GeoVITe (Source: I KG-ETHZ) 



4.2. Digital comparative analysis of maps in GeoHistory portal 

Through the GeoHistory portal, it is possible for a researcher to study the 
geometric and thematic content of a historical map and find more details 
about its reference system and the relevant grids (geographic or projected) 
drawn on it (Figure 7). This can be done by selecting the appropriate levels 
from the I ist on the ri ght. 

The online digital comparison of the maps can be done using different 
techniques according to each researcher's needs and the results of this ana- 
lysis can be downloaded by ETH users to be further used. The easiest way to 
compare two maps and to detect the differences between them is to use the 
transparency technique. For better results, it is possibleto invert one of the 
maps so as the differences to be more obvious (Figure 8) or to use vector 
data included in GeoHistory platform (Figure 9). For reliable results, it is 
i mportant for every comparison to use maps i n the same scale. 




Figure 8. Comparing Wild (white lines) and Siegfried (black lines) maps on Geo- 
H istory platform. The areas in grey are those showing no differences. 




Figure 9. Detecting differences in buildings depicted on Siegfried map (raster-in 
black) and on the Swiss National Map (vector-red in transparency). 




Figure 10. Dufour Map overlaid on Landsat25 showing similarities and dif- 
ferences in the environment. 



Another way to identify the changes in the natural characteristics of an area 
close to the mountains or close to the route of a river is to use the satellite 
images (Figure 10) or the 3D digital model included in the modern data 
(Figure 11) to see if the depiction of these specific areas keeps up with the 
modern relief. 




Figure IL Meyer-Weiss Atlas presented on the 3d model relief of the area around 
the Canton of Schwyz. 



Through the GeoHistory portal, it is possible to study the deformations of 
the historical maps in comparison to modern data. These deformations can 
be shown through a grid adjusted to the map and transformed likewise 
(Figure 12) or through arrows showing the magnitude of the deformation 
on specific places of the map (Figure 13). It is also interesting to notice the 
deformation of the whole map comparing to modern data (Figure 14). 

All these techniques applied to historical maps through the GeoHistory 
platform can benefit researchers, from different scientific areas as well, 
since they offer them the freedom to decide on their own which technique is 
the most appropriate to be used in order to show visually better the result of 
their study. 
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Figure 12. The deformation grid (red) of Meyer-Weiss map in the lake of Zurich. 
The correct position of the grid is shown in dark blue. The deformation of the map 
is also obvious in its characteristics. 




Figure 33. The deformation arrows of Gyger Map in the area of Zurich compared 
to the same area in modern maps. 




Figure 34. The deformation of Gyger M ap sheet i n the area of Zurich compared to 
the same area in modern maps. 



5. Conclusion and Future Research 

The comparative study of historical maps coming from different time pe- 
riods, apart from being an educative process in mathematical cartography, 
is as well important and helpful to many scientists dealing with the geogra- 
phic analysis of terrain and environmental changes and with the investiga- 
tion of spatial growth of human activity during the years. 

The advances of digital computational and visualization technologies, mas- 
sively avail able today allow new approaches and techniques in studying old 
maps. The transformation of them into digital form, their correct registra- 
tion and their digital comparison with modern maps online through a plat- 
form using new processing methods and technologies offer to researchers 
many opportunities to enrich their projects with new evidence. 

A next step of this research will go beyond the comparative analysis of his- 
tori cal maps and wi 1 1 focus on the automati c conversi on of the raster hi stor- 
ical maps to vector form. This procedure can give the opportunity to detect 
and determine more easily differences in an area but it is a challenge to im- 
plement it especially to historical maps, since the valorization of their 
characteristics is usually difficult due to their design (multicolored, with 



shaded relief), their low graphical quality and the amount of data depicted 
on them. 
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